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THE REDUCED SOURCE METHOD

* INTRODUCTION

 THEORETICAL DERIVATION

* APPLICATION TO A 1-D PROBLEM
* CONVERGENCE RESULTS

* FUTURE EFFORT
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INTRODUCTION

- Halton (1962), Proc. Camb. Phil. S&8, 57-78
- Halton (1967), Univ. Wisconsin, Madison, MRC 816
- Halton (1994), J. Sci. Comp#(2), 213-257

Considered linear discrete systems
Considered four infinite-series estimators
Proved exponential convergence exists
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INTRODUCTION

- Fraley et al. (1974), Physics of Fluitig2), 474-489

Photon transport
Deterministic solution for the initial guess
Monte Carlo solution for the difference (reduced source

- Booth (1984), Los Alamos National Lab., LA-10465-PR, 43-49

Outlined the iteration scheme
Suggested the use of discretization for source reduction
Suggested the use of flux expansion for source reductio
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THEORETICAL DERIVATION
* Transport equation
* |teration approach
* Simplifications
* Approximations
J
TRANSPORT METHODS GROUP Los Alamos

APPLIED THEORETICAL AND COMPUTATIONAL PHYSICS DIVISION

NATIONAL LABORATORY



* Interms of the angular flux ( ¢):

%%) +Q e 00 +2,(r,E)O(r, E, Q1)

- dez' IoodE'ZS(E' S EQ - Q)0 E QL) +Q(NE Q1)
0

* Homogeneous, steady-state

Qe 0¢ +Z(E)o(r,E, Q) = [ dQ' oodE'ZS(E' SEQ S Q)o(r,E, Q) +Q(r, E Q)
- 0
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c Letd=M+D

 |ntroduce Iteration index n=0,1,2,...
Pick MO

Q- 0D+, (E)D(r,E, Q) :J dé'I dEZ(E' - E, Q' - Q)D(r,E', Q)+ (1, E Q)
0
Tt

S(r, E Q) = Q+J'4ndf2'J'O dEZ(E' - E, Q' - Q)M(r,E, Q)-Q+ OM-Z (E)M

n _ NP , N n_Aa. n_ n
S = Q+J'4ndQIOdEZS(E > EQ 5 QM —Qe«[OM Zt(E)M Ia—

Q0D " +Z(E)D" = dez'I dEZ(E - E,Q - Q)D" +8'
0

n+1 n n
M =M +D n=n+1
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* One speed, 1-D, one direction, 2;=2,
Pick M%(x)
S'(x) = Q(X) - —IVI (x) - 2:M () -~
diXD (x) +2,0"(x) = S'(x)
M™ 10 = M) + D (%) n=n+1
§ Y,
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* Our iImplementation

Pick M%=0, giving S°(x)=Q(x)

ngn(X) + ZtDn(X) = S'(x) Solve for D" using Monte Carlo <
n +1 :
(x) = M (x) +D (x) Update flux estimate
+1 n+1
(X) = Q(x)+F{M " “(x)} Reduce source

R" (x) =D (x)/Mn 1( X) Compute relative errors  n=n+1

* Functional poses difficulty

n _[d
FIM (0} =

M"(x) + ZtMn(x)J
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* Source density fluctuations
- S'(x) can be “randomly” positive and negative
SO LN y
N
- Monte Carlo source requires integral 868: +w'" = I S0 dx
- Care must be taken in performing this integral
S0 W = [S(Yax= E] [%% 11 [%E: 0 no
LT e 25 e
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* Source density discretization
h - Tally M"(x) at the center and boundary of each zong
Zone - Compute source density at the center of fRedne:
M () =M"(x, 1)
S = F{M"(x)} = { K — L vz M)
XCk
- Assume §x) is uniform across each zone
- Monte Carlo source weight becomes (K=# zones)
X1 X K
: ' = Z ‘QCAX‘
k=1
. y,
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* Integral source discretization

- Tally M"(x) at the boundary of each zone

kth - Compute the integral for thé&'kzone:
Zone n_ Xy 3 Mn(X)}dX _ Xy [dM (X) +3_M (X)J
K J.Xk—l ka—l dx

n n X n
= M (X _1)—-M (x)-2, . M (x)dx
-1

- Estimate the integral of ¥x) by Simpson’s rule

- Monte Carlo source weight becomes (K=# zones)
K

=y
k=1 Y
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 Sampling of the source (n>0)
- Source zone is sampled from a histogram
k k
1 n 1 n
&, = — S Ax or ¢, = — | .
LS sy I
- Source position is sampled uniform in zone k
X = X+ DX

* Accuracy of the discretization

- Accuracy of M(x) will be limited by the accuracy of'w
- As n>>1, estimated error may become much less than truejrrc

- Expect to encounter “FALSE CONVERGENCE”
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APPLICATION TO A 1-D PROBLEM

* Description

* QOverview

* First iteration

* Second iteration

e Third iteration
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x=0 X=5Ccm
- One dimension (x)
K zones - Absorption only E, = =, = 1cm?)
B - One direction|{=1)
- Source density, Q(x) &x-0)
©(0)=1.0 o(5)=e(-5.0)=.00673795
y,
TRANSPORT METHODS GROUP Los Alamos

APPLIED THEORETICAL AND COMPUTATIONAL PHYSICS DIVISION

NATIONAL LABORATORY



\

Monte Carlo method

- Source weight,

(00]

w’ = [QUydx= [ 8(x-0)ax = 1 for n=0 (Bliter.)
% —00
n n
+wW = Z ‘Ik‘ for n>0
k=1
- Source position,
X =0 K for n=0 (Fiter.)
X = X _,+&N0x where g, = in ) "T‘ for n>0
W . Z
] =1
- Track length,A = -In(§)/%_
N
: n 1 n
- Particle flux,D (x) = N Z W,
i=1 y,
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 Reduced source method
- Solution for (x) when M=0 [i.e., (x)=Q(x)=d(x-0)]
d —2 X

D20 +32,D°(x) = 5(x~0) § D7(x) = e

- Update M(x)=M°x)+D%x) and solve for §x)
sh(x) = Q(x) + F{MY(x)} = 5(x—0)— [ D°(x) + 3D (x)}

= 5(x—0)=3(x—0)=0
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- e_zax
' Initial guess  M°(x) = 0
Source w’ :IQ(x)dx = Ié(x O)dx =1
Solve diD (x)+%D (x) = 5(x—-0)
Solution M ( X) = D (x)
- y,
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FIRST ITERATION

e = MY(X_;)—M (xk)—ZJ'

M () dx
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\
= mE K 1
L L 1 1
"7 Source tw = I\s Mldx = 5 i
_ _ K=1
: _ Solve %{Dl(x) +3.D(x) = SH(X)

Solution Mz(x) = Ml(x)+D1(x)
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2 2 2 2
e = M (%, _ 1) =M (x)-2, M (x)dx

Xy —
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K
Source +w” = I\sz(x)\dx = 3 |
k=1

d .2 2 2
Solve P (x)+Z_D7(x) = S(x)

Solution |\/|3(X) = Mz(x)+D2(x)
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5.00E-03 —

4.00E-0F - Xk

3 3 3 3
e = M(x, _ 1) =M (x,)-2, M~ (x)dx

Xy -1
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CONVERGENCE RATES

Nominal versus exponential
False convergence

Varying the number of zones
Varying the number of particles

Optimal convergence
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NOMINAL VERSUS EXPONENTIAL
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Relative Error

\
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Relative Error
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FUTURE EFFORT

* Legendre expansions

* 1-D bidirectional problem
* 1-D tridirectional problem
* 3-D extensions

* 3-D problem
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« Expand D"(X) "= Z alp X - 1f

. Estlmate the coefﬂments

n_1 n2j +1 X+ A B’Zy
aj N [W 0T ) P 1%}@
=1

 Update the solutlon
M (x)— Z Z a BZX—lE
i =0Lm |
e Reduce the source
s'(x) ——[dM () + 3 M (x)}
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